Abstract Development of bioorganic-inorganic composites has drawn eyes to extensive attention in biomedical fields and tissue engineering. So many attempts to prepare hydroxyapatite (HA), in conjunction with various binders including polyvinyl alcohol (PVA), and collagen has performed for late 20 years. We applied a method based on the phase separation for making of polymer porous membranes. This procedure is induced through the addition of a small quantity of water (polymer-rich phase) to a solution with HA precursors (polymer-poor phase). Thermal and structural composite properties of collagen Hydrolysate (CH)-PVA/HA Polymer-Nano-Porous Membranes were analyzed by Design of experiment that was undertaken using D-optimal approach, to select the optimal combination of nano composites precursor. The resulted composite characters were investigated by Fourier transform infrared, scanning electron microscopy (SEM) and thermal gravimetric analysis. Based on the SEM images, this new method could be clearly concluded to porous CH-PVA/HA hybrid materials. Finally the hemocompatibility of nanocomposite membranes were evaluated by the hemolysis study.
Introduction
Some biocomposite materials composed of organic-inorganic components were used in biomedical fields for bone reconstituting and tissue engineering. Hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 ), as a well known phosphates in the biologically active phosphate ceramic family, has been widely used in the biomedical field, especially in dental and orthopedic surgery (Kapoor and Batra 2010; Kikuchi et al. 2004; Liu and Chou 1994; Petit 1999 ) by virtue of its similarity to natural bone mineral. It is known to be a bioactive and biocompatible material with excellent osteoconductive properties (de Bruijn and van Blitterswijk 1998; Hamadouche and Sedel 2000; Layman and Ardoin 1998) , as HA shows a strong interaction with bio-molecules such as collagen (COL), glycoprotein, etc. (Girija et al. 2004; Itoh et al. 2003) .
Collagen is the major structural protein of connective tissue such as skin, bone, cartilage, tendons and ligaments. Because of its biological properties and availabilities, it is widely used as a biomaterial with multiple physical forms such as sponges, films membranes, wire and fabrics. Among relevant properties of COL are low immune response, low toxicity, the ability to promote cellular growth and attachment, homeostasis and the ability of COL solution to reconstitute in vitro according to the microfibrillar structure found in natural tissues (Sionkowska 2000) . Type (I) collagen, the major structural protein of natural bone, has been shown to enhance proliferation and differentiation of osteoblasts (Zambonin and Grano 1995) . Several studies in dental medicine have pointed out a possible role for collagen type I in guided bone regeneration around HA implants in the jaw (Brunel et al. 2001; Caiazza et al. 2000) .
Many composite materials based on natural and/or synthetic components were prepared and tested as bone grafts. Due to the compositional similarity with bone, collagen and hydroxyapatite based composite materials were extensively studied in the literature (BandyopadhyayGhosh 2008; Ficai et al. 2010a, b; Wahl and Czernuszka 2006) . The addition of a supplementary component is done in order to improve some properties of the materials or induce new properties. PVA is a scaffold supporting material for tissue engineering applications. It has been frequently utilized for cell culture attachment (Chen et al. 2007; Doyle et al. 2009; Michaels et al. 1995) and as a hydrogel for bioartificial pancreas (Chuang et al. 1999; Qi et al. 2004) . PVA, as a safe component, has been cleared by the United States Food and Drug Administration (FDA) (Lindemann 1971) . Also, preparation of PVA/HA blends has been reported to exploit the advantages of both materials (Kim et al. 2008) . COL-PVA/HA composite materials have been poorly studied in the literature (Asran et al. 2010; Degirmenbasi et al. 2006; Kobayashi et al. 2004; Poursamar et al. 2009 ). From recently published papers about synthesis of ternary COL-PVA/HA composite materials, a work is the synthesis and the characterization of COL-PVA/HA hybrid materials with 1:2:3 wt compared to COL/PVA hybrid 1:2 wt. They have shown the composite properties of the materials are strongly influenced by their composition and processing. For this purpose, both types of materials were dried by controlled drying (at 30°C) and freeze drying. Based on SEM images and porosity measurement, they concluded that the stratified morphology of the hybrid materials is due to the presence of PVA. The freeze drying was revealed to induce a porous morphology while the controlled air drying was leading to compact morphology. The stratified presence of HA has resulted in a denser material with higher density and lower porosity (Ficai et al. 2010c) . In other work PVA/ COL/HA composite materials was prepared by electrospinning technique. Microscopic photographs showed that PVA/COL/HA biocomposite nanofibers had a similar nanostructure to bone in which the nano rod-shape HA crystals were aligned along PVA/COL nanofibers. The most striking properties of electrospun PVA/COL/HA biocomposite nanofibers scaffold not only the composition but also mimicking the hierarchical structure of extracellular matrix and mineral organization in bone at the nanoscale level which might be open up a wide variety of future applications for higher bioactive bone graft materials (Asran et al. 2010) . Since the properties of the materials are strongly influenced by their composition and processing, in this research, we used the mixture design in the experimental design (Design-Expert, Version 7.0.0, Trial MFC Application, Stat-Ease, Inc., Minneapolis, MN, USA), to optimize the formulation of the ternary CH-PVA/HA composite materials. After thermo gravimetric analysis, the structural properties of synthesized nano composites were measured. The relationships between the different combinations and thermal and structural properties of products were analyzed by Design-Expert to select the optimal combination of nano composites precursors from thermal and structural properties point of view. Finally the hemocompatibility of nano composite membranes were evaluated by the hemolysis study.
Experimental

Materials
Collagen was extract from Bovine tendon, (SERVA Co). The average molecular weight of collagen was found to be 350 kDa. We heated the collagen with water in the temperature range between 80 and 90°C for 3 h to obtain CH (Lowe (1937) . Polyvinyl alcohol, (Denki kagoku kogyo Co, Korea, MW = 84,000 g mol
Preparation of CH-PVA blends Polymer blends were prepared by mixing ingredients (CH, PVA) according to an experimental design. Precursors gradually added into small quantity of water (2 ml) and dissolved in it by ultrasound bath (type: PUL 200, England) for 1 h to obtain a clear dense solution. Then we were mixing the solution by magnetic stirrer (Heidolph, model: D-91126 Schwabach) at 1,400 rpm for 30 min at room temperature.
In situ preparation of CH-PVA/HA Nano-Porous Membranes
In situ preparations of CH-PVA/HA Nano-Porous Membranes were done by starting from dissolving of requiring amount (according to DOE method) of P 2 O 5 and Ca(NO 3 ) 2 Á4H 2 O in 10 ml ethanol separately. This solutions mixing at 1,400 rpm in room temperature, and then added the CH-PVA blends to them in same conditions and covered the backer with parafilm sheet. After 2 h obtained a dense solution that was put in an oven (ShimiFann E.o 155) in 70°C for 12 h to obtain a Polymer-Nano-Porous Membrane.
Characterization
The samples were characterized by FTIR, SEM and TGA; the density was measured by the Arthur method. IR spectroscopic measurements were performed on a BRUKER FTIR (model: TENSOR 27) spectrophotometer. The spectra were recorded over a 400-4,000 cm -1 wave number range with a resolution of 1 cm -1 . The particles size and size distribution of CH-PVA containing HA nanoparticles Polymer-Nano-Porous Membranes were determined by SEM (XL30 model, Philips Co, Holland). All samples were covered with a gold layer prior to imaging with sputter coater model: SCD 005, Swiss) . These experiments were performed at room temperature. Thermogravimetric analysis (TGA) (Perkin Elmer, model: pyris Diamond), operating at the following conditions: weight of the sample of nano composite blends, heating rate, 20°C min -1 ; maximum limit of heating, 800°C; Thermal stability of samples was determined as the slope of the TGA curve in the temperature range 489-759°C. The density was measured by the Arthur method (ASTM D792-08 1999). The samples were weighed and allowed to stay under vacuum (0.4 at.) for 30 min and thereafter immersed in xylene for further 30 min. After the immersion, the samples were weighed in air and in xylene. Based on the above sets of masses the density of each sample was measured.
Experimental design
Mixture experimental design was used for a statistical and mathematical evaluation of measurements to fit the experimental data to the model for optimization Processes. A response surface method that is usually applied for optimizing of the final products occurred in various proportions (Giesbrecht and Gumpertz 2004) . This method gives a set of regression equations, as the output. These equations can be used for optimization of the system. Independent variables, including biopolymer (CH) (X 1 ), a synthetic modifier polymer (PVA) (X 2 ), and biocompatible nanoparticles (HA) (X 3 ). Satisfy a statistical criterion called D-optimality. D-optimal is a initial design in mixture design methodology. D-optimal concept is an algorithm that can be used for the selection of samples from a larger set.
Mixture formulation was investigated using a D-optimal design approach (DuMouchel and Bradley 1994). D-optimal design was computed by Design-Expert in 16 experiment units. The ranges of levels of the CH, PVA and HA are 0-98.94, 0-98.94 and 1-75 % in polymeric blends respectively.
Thermal stability (from TGA measurements) of polymer blends and density of them were evaluated as responses of experiments. The measured properties are summarized according to the mixture design methodology in Table 1 . These properties were evaluated using the Design-Expert software. The mathematical relationship of the responses and the independent variables (X i ) were modelled by a second-order polynomial function as follows:
where Y is the predicted response,
, are regression coefficients and x i are factors (independent variables). The results from regression analysis are given in Table 1 . On the basis of regression equations it was possible to plot the response surfaces of the individual parameters at chosen conditions. For significant sequential models test, analysis of variance (ANOVA) was performed by employing a statistical methodology. ANOVA includes a full analysis of variance, prediction equations, and case statistics and help to determine which model, if any, significant to choose.
Hemolysis assay
First, for red blood cell's (RBCs) preparation, peripheral blood, which is the chief source of mononuclear cells (lymphocytes and monocytes) for immunologic studies of humans (Strober 2001) , was collected from healthy human donor by venipuncture and 0.3 % of EDTA was added. RBCs were separated by centrifugation at 2,0009g for 30 min. RBCs were then washed once in PBS-EDTA 0.075 % and three times in an isotonic buffer (PBS). RBCs were then suspended in this buffer at a cell density of 5-108 cells ml -1 (Dufour et al. 2005) . Then for hemolysis assay, CH-PVA polymeric blend and CH-PVA/HA nano composite membrane dissolved in small portions of distilled water and 1 M HCl (Chen et al. 2004 ) respectively, and for each sample, prepared solutions in 5, 10, 15 and 20 mg ml -1 concentrations. These solutions volume received to 900 and 100 ml of RBCs suspension were added and the reaction was performed at 25°C during 30 min. Unaltered RBCs were then removed by a 10,0009g centrifugation and the absorbance of the supernatant at 540 nm was compared with two control samples in order to determine the percentage of hemolysis. The positive control prepared by adding 100 ml of RBCs suspension to 900 ml of distilled water. Positive control was totally hemolysed with distilled water. The negative control prepared by adding 100 ml of RBCs suspension to 900 ml of PBS. The RBCs in PBS remained safe (Dufour et al. 2005) . Each experiment has been performed at least twice. The hemolysis percent can be obtained through the following equation (Zhang et al. 2010 ):
where OD t [the absorbance also called optical density (OD) (McNaught and Wilkinson 1996) ], is the absorbance of the test sample. OD pc and OD nc are the absorbance of the positive and negative controls, respectively.
Results and discussion
Nano-Porous Membranes identification
The present authors introduced a novel method for preparation of CH-PVA/HA nano hybrids through in situ synthesis of HA in CH-PVA blending solution. This procedure requires the use of a solvent with a low boiling point that is easy to evaporate. For example ethanol used to dissolve P 2 O 5 and Ca(NO 3 ) 2 Á4H 2 O then phase separation is induced through the addition of CH and PVA blending in a small quantity of water as solvent then a polymer-rich and a polymer-poor phase are formed. Following heating out of the ethanol at its boiling point and during night vacuumdrying to evaporate the solvent a porous scaffold is obtained. The COL as a natural polymer plays as a significant component of extracellular matrix for example about 30 % of the dry weight of bone and 90-95 % of its non mineral content (Nimni et al. 1988) . It is reported that the use of COL matrices don't change the phenotypic expression of cultured cells (Reid 1990; Reznnikoff et al. 1987; Rocha et al. 1985) . Combination of COL and watersoluble polymers such as PVA make the blends that can be use as a films, hydrogels or sponges according to our trial and the other study (Cascone et al. 1995) . This bio artificial material might meet our demands in a range of medical applications including dialysis membranes, wound dressing, artificial skin, cardiovascular devices, nerve guide channels and as implantable devices to release biologically active substances in a controlled manner (Cascone et al. 1994; Cascone et al. 1995) . Chemically and physically modified biodegradable polymers such as CH-PVA in this study may be used as scaffolds for tissue engineering purposes.
The spatial distribution of the hydroxyapatite particles in the porous structure formed in the CH-PVA/HA samples were analyzed using a SEM (XL30, Philips Co, Holland). The Fig. 1a show the polymer matrix (CH-PVA) without applied the HA nano particles. It can be observed that the polymer matrix have a homogeny morphology. In Fig. 1b image for the used HA nano particles in CH-PVA matrix; it can be observed that the HA particles have size in the range of almost 38-42 nm.
As shown in this figure, HA nano particles were randomly dispersed in the polymer matrix and shown well distribution in each part of this matrix which is noticeable to be mentioned.
Infrared spectroscopy
Samples show peaks at 3,400-3,500 cm -1 , corresponding to the hydroxyl groups. The characteristic peaks of NH containing 3,342 cm -1 (amide A, N-H stretching), 3,082 cm -1
(amide B, N-H stretching), 1,662 cm -1 (amide I, C=O stretching), 1,556 cm -1 (amide II, N-H bending and C-N stretching) and 1,240 cm -1 (amide III, CN stretching and N-H bending) (Chang and Tanaka 2002a, b; Friess and Lee 1996; Lai et al. 2007; Sachlos et al. 2006; Sionkowska et al. 2004; Wahl et al. 2007 ). For the PVA spectrum no obvious C=O, amide A, B and II bands was observed. An absorption band at 2,943 cm -1 representing the -CH 2 aliphatic group of PVA comparing with the CH spectrum (Lai et al. 2007; Sionkowska et al. 2004) .
The characteristic bands of HA powder containing 3,555 and 622 cm -1 (structural OH -ions, stretching and vibration mode, respectively), 1,040 cm -1 (PO 4 bend m 3 ), 603 and 561 cm -1 (PO 4 bend m 4 ) (Eslami et al. 2008 ) and 1,600 cm -1 (CO 3 -2 , which an indication of the presence of carbonate apatite. This might have originated through the absorption of carbon dioxide from the atmosphere (Komath and Varma (2003) ).
In CH-PVA blend spectrum, the amide A band shifted to higher wavenumber gradually compared to that of the pure COL dispersion. The amide B band disappeared, because of amide B band was observed only for CH/PVA blend weight ratio (99:1) (Komath and Varma (2003) .
In CH-HA spectrum, addition to the typical amide bands of COL, it could be seen a broad phosphate band in the range from 1,150 to 950 cm -1 derives from the P-O asymmetric stretching mode of the (PO 4 ) -3 group. The triple degenerate bending modes of the O-P-O bond were exhibited at 600 and 572 cm -1 (ASTM D792-08 1999; Ficai et al. 2010c ). After incorporating HA nanoparticles into the PVA matrix a shift of the predominant broad absorption band occur associated with the OH stretching of PVA from 3,278 to 3,296 cm -1 . This result suggests that the hydrogen bonding became stronger in case of PVA-HA than pure PVA due to the increase in the number of OH groups by addition of HA. The major absorption band of PO 4 -3 stretching in HA, moved from 1,019 to 1,033 cm -1 . This shift might be attributed to the interactions between PVA molecules and HA particles (Asran et al. 2010) . Also the spectra of PVA adsorbed on HA clearly influence the recovering of the carbonyl-stretching region (Kim et al. 2008) . In CH-PVA/ HA nano porose membrane (Fig. 2) the intensity of the amide A band has decreased as compared to that of CH-PVA 1:2 materials while the amide B band could not be identified. As we mentioned before (Eslami et al. 2008) , the presence of HA has induced a shift of the amide I and amide II bands at the low and high wavenumber, respectively (ASTM D792-08 1999).
As shown in Fig. 2e , g, the FT-IR spectra of CH/HA and CH-PVA/HA composite materials are very similar to the spectra of real bone (Evans et al. 1992; Paschalis et al. 1996) . The appearance of an amide I mode at 1,662 cm
indicates that CH/HA composites adopt a predominantly ahelical configuration and this is confirmed by the appearance of amide II mode at 1,556 cm -1 (Doyle et al. 1975; Payne and Veis 1988) . The red shift of the 1,339 cm -1 band in COL has been effectively used to confirm the chemical bond formation between carboxyl ions in COL and HA phases (Chang et al. 2001; Kikuchi et al. 1999) . The 1,339 cm -1 band in COL does not simply represent the carboxyl group, but it is one of a number of bands in the range of 1,400-1,260 cm -1 which are attributed to the presence of COL in biological tissue (Liu et al. 1996) . The band at 1,339 cm -1 in COL is attributed predominantly to the so-called wagging vibration of proline side chains (Chang et al. 2003) . It is believed that the red shift in the CH/HA system is encouraged by the wagging vibration through the covalent bond formation with Ca 2? ions of HA nanoparticles (Chang et al. 2003) . It is known that the carboxylic acid groups of CH at pH [7 are largely ionic in form (Jakobsen et al. 1983 ) and offer binding sites for Ca ions because of the ionic attraction.
Mixture design and response surface methodology
The Response surface methodology followed by D-optimal design was applied to find optimal level of independent variables including biopolymer CH (X 1 ), a synthetic modifier polymer PVA (X 2 ), and biocompatible nanoparticles HA (X 3 ) shown in Table 1 . The analysis of variance by calculating F value was employed to choose the best model matched with the data. The p value less than 0.05, indicate that the data were normally distributed. Also, the similarity between R 2 and adjusted R 2 shows the adequacy of the model to predict the response by optimization process. The non-significant lackof-fit (more than 0.05) showed that the model is valid for present study. Non-significant lack-of-fit is good for data fitness in the model.
Thermal behavior and experimental design optimization
Degradation of CH-PVA film shows three weight loss stages. The first weight loss takes place at 50-176°C due to the loss of adsorbed moisture via evaporation of the trapped water; the second stage at 200-400°C involves the elimination reactions of H 2 O and residual acetate groups because of partially hydrolyzed COL and PVA. The degradation step at 400-550°C is more complex and includes the further degradation of these polymer residues to yield the carbon dioxide and hydrocarbons (Peng and Kong 2007) . In CH-PVA/HA nano composites, the surface of HA nanoparticles will contact with the CH and PVA molecules to make a coordination bond between Ca 2? and RCOO -in CH molecules and a strong interact between the hydroxyl groups on the surface of HA and PVA hydrophilic molecules (Chang and Tanaka 2002a, b; Ficai et al. 2009; Kim et al. 2008; Peng and Kong 2007) . These reactions were influenced on tertiary weight loss stage of CH-PVA blend materials. According to experimental design results this weight loss temperature increased with increasing the amount of HA nanoparticles (Table 1) . CH-PVA/HA sample shows a huge exothermic peak at higher temperature. It is believed that the huge exothermic peak at *630°C is caused by the decomposition of CH and PVA molecules combined with HA nanoparticles. In this sample HA nanoparticles are uniformly dispersed in the CH-PVA matrix as shown by SEM analysis (Fig. 1b) . We know from FT-IR (Fig. 2g) that the nanoparticles having the width of several nanometers are chemically bound with the CH and PVA molecules. The organic-inorganic bond energy was released as a huge amount of exothermic heat as shown in Fig. 3b for the CH-PVA/HA sample.When TGA is considered as the response, the cubic equation fitted to the data was presented as follows:
The analysis of variance for TGA response (Table 2) , presented as follows: According to this analysis, the Model F value of 201.06 implies the model is significant. There is only a 0.01 % chance that a Model F Value this large could occur due to noise. Values of Prob [ F less than 0.0500 indicate model terms are significant. In this case linear mixture components, with the Adj R 2 of 0.9917. These values confirm that the equation of the model is highly reliable. This indicates also that the model terms are significant at 95 % of probability level.
According to three dimensional response surface diagram (Fig. 4) , tertiary weight loss temperature increases with content of HA in the blend, (as seen in Fig. 4a ). The effect of both CH and PVA are opposite, (as seen in Fig. 4a ).
Density and experimental design optimization CH-PVA/HA nano composites were successfully synthesized. Density of the CH-PVA/HA can be introduced by ethanol evaporation and it can be controlled using the change in amount of CH, PVA and HA in composition of porous membranes. The characterization of the density (Table 1) was measured by the Arthur method (ASTM D792-08 1999). The mixture design also was used for evaluation of these characteristic. When density of CH-PVA/HA nano composites is considered as the response, the cubic equation fitted to the data was presented as follows:
The analysis of variance for density of CH-PVA/HA nano composites response (Table 3) , presented as follows: According to this analysis, the Model F value of 1,116.95 implies the model is significant. There is only a 0.01 % chance that a Model F Value this large could occur due to noise. In this case linear mixture components,
The three dimensional response surface diagram for the thermal behavior (a) and density (b), from the minimum value to 99 % of CH and PVA, and from 1 to 75 % of HA in CH-PVA/ HA Polymer-Nano-Porous Membranes According to three dimensional response surface diagram (Fig. 4b) , achieved that, density increases with content of PVA in the blend, (as seen in Fig. 4b ). The effect of both CH and HA are opposite, (as seen in Fig. 4b ).
Optimum sample predicted by Design expert software. Fig. 3b .
Hemolysis
Each of CH-PVA polymeric blend and CH-PVA/HA Nano-Porous Membrane has been tested at various concentrations for its hemolytic activity. The results are given in Fig. 5 CH-PVA polymeric blend do not cause any hemolysis in the concentration range used. CH-PVA/HA Nano-Porous Membrane gives rise to a concentration dependent hemolysis. HC 50 , which is defined as the concentration of surfactant that bursts 50 % of the RBC, is equal to 18.633 mg ml -1 .
Conclusion
We conclude that the stratified morphology of the CH-PVA/HA membranes could be varying by changing experimental conditions. The method of DOE helped to identify the effect of CH, PVA and HA on thermal and structural properties evaluated on the base of this method. The properties of the polymer-nano porous membranes are strongly influenced by their precursors' composition. As a result, based on thermal gravimetric analyses and density. Structural measurements by the Arthur methods, seems the presence of PVA to improve compression resistance of these CH-PVA/HA nano composite materials so density was decrease with content of PVA in the blends. The highly dense scaffolds have low porosity, high absorption capacity and strength and it is worth to be mentioned in these composite tertiary weight loss temperature was increases with content of HA in the blends. The CH-PVA polymeric blends have excellent biocompatibility, according to the hemolysis tests and the CH-PVA/HA NanoPorous Membranes gives rise to a concentration dependent hemolysis. We hope these results may be hopeful and by considering suitable porous composite method may result a reasonable composite with acceptable physical properties in near future. We suggest by considering these result attempts by salt leaching and freeze drying or microwave solvent evaporation to synthesize new composite with 
